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The course of two Salmonella infections appearing spontaneously 
in a guinea pig population has been discussed in previous papers (1, 2). 
As noted earlier, the guinea pigs comprising the particular population 
are divided into two groups, breeders and weaned young or stock. 
Animals employed in experimental work are withdrawn from the latter 
group.  From time to time B. paratyphi  has been isolated from the 
spleen of stock guinea pigs injected with other bacteria.  It seemed 
probable that the guinea pigs were carrying B. paratyphi in the spleen 
as a result of earlier exposure to infection. 
A routine bacteriological examination of all guinea pigs that died 
had been carried out for several years.  Positive cultures were rarely 
obtained from the spleen with unweaned guinea pigs in the absence of 
gross  lesions.  However,  no  definite  study  of  carriers  within  the 
population at large had been  attempted.  Consequently a  compre- 
hensive examination of breeders and young guinea pigs, just prior to 
weaning, was undertaken.  In addition a  new breeding group com- 
posed of selected sows and boars was brought together and isolated 
from  the  main  population.  The  selected  group  was  kept  under 
observation for evidence of reinfection. 
Before considering the work on carriers a more detailed statement 
concerning the extent of the two infections may be pertinent.  The 
specific percentage mortality for the population (including the selected 
breeders)  during that year is given in Table I.  The usual monthly 
fluctuations occurred.  The rates for the second infection, introduced 
into the population a year earlier, were in general higher than those for 
the first form. 
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When the examination for carriers was begun the breeding stock was composed 
of some 209 animals.  These were maintained in a separate animal unit, distrib- 
uted in large metal cages  containing 4 or 5 sows and 1 boar.  The group was a 
heterogeneous one comprising animals from 1 to 5 years of age.  A few of the 
number had passed through the active stage of the initial outbreak of paratyphoid 
in 1924.  The majority of breeders, however, were younger animals added shortly 
before or at intervals after the appearance of the second infection during the sum- 
mer of 1926.  Generally the individuals in any one cage  were of approximately 
the same age. 
Cages  containing a full quota of guinea pigs were selected and brought to the 
laboratory for examination.  It may be said that pregnant sows are removed to 
TABLE  I. 
Population, Total Deaths, Deaths from Paratyphoid, and Percentage Mortatity from 
Paratyphoid from September, 1927, through June, 1928. 
Month 
3eptember  ..... 
Dctober. 
govember... 
December  ....... 
January ...... 
February .... 
~iarch ..... 
~pr~ 
~Iay. 
lune. 
Popula- 
tion 
513 
561 
668 
573 
661 
631 
595 
497 
493 
483 
' ?otal 
d ~aths 
11 
17 
23 
27 
60 
39 
62 
73 
43 
75 
Deaths 
from 
Para- 
typhoid 
Type I 
Mortality 
Deaths 
from 
Para- 
T~ype  h°id  II 
~ef ¢en~ 
0.19  6 
0.53  11 
0.14  5 
0.34  3 
0.45  13 
0.31  6 
0.00  1 
0.20  1 
0.4O  1 
0.20  3 
Mortality 
Type II 
~$r cent 
1.16 
1.96 
0.74 
0.52 
1.96 
0.95 
0.16 
0.20 
0.20 
0.62 
individual units just prior to parturition.  In all, 105 animals were transferred, 
representing 20 cages.  The entire work extended over aperiodof5montlis.  Two 
successive fecal cultures were made from each guinea pig and the agglutinin con- 
tent of the blood serum determined for the two types of B. paratyphi. 
General  Methods. 
The following routine procedures were carried out. 
The guinea pigs were first bled.  In most instances sufficient blood was ob- 
tained from  incising an  ear vein  after  shaving and  the  application of  xylol. 
13 of the total number were refractory and heart puncture under ether was re- 
sorted to, with no fatalities.  Serum from the coagulated samples was  used in JOHN  B. NELSON  649 
testing.  The  antigens  were  fresh,  standardized, saline suspensions of the  two 
Salmonella types.  The final dilution series in a total volume of 1 cc. ranged from 
1 "20  through  1:1280.  The tubes were incubated at 37"C. for 3 hours and were 
read after overnight refrigeration.  In Tables III and IV the results are expressed 
in terms of the limiting dilution, the highest dilution  showing  any  macroscopic 
evidence of agglutination. 
After bleeding, the guinea pigs were transferred to separate cages with clean 
bedding.  The  next  morning  a  fecal sample  was  collected.  The  bedding was 
changed  and  on  the  following morning  a  second sample  collected.  The  fresh 
feces, at least two pellets, were emulsified in 5 cc. of plain broth and incubated for 
5 to 6 hours at 37°C.  Two large loops were then transferred to a  tube of mala- 
chite green-lead acetate broth. 
Difficulty had been experienced with this medium in former work.  Hydrogen 
sulfide in amounts detectable by lead acetate was produced only when fermented 
bouillon was employed.  The peptone used was apparently deficient in the par- 
ticular sulfur compound utilized for the production of hydrogen sulfide.  With 
the fermented bouillon some available sulfur compound was evidently produced 
during growth of the fermenting bacteria.  It may be noted that B. coli is added 
to the meat infusion and allowed to grow at incubator temperature.  After steam° 
ing and filtering, peptone is added as usual.  Tilley (3) recommended the addition 
of sodium thiosulfate to media employed for hydrogen sulfide production.  This 
compound  was  substituted  for  fermented  broth  with  excellent  results.  The 
medium as finally employed was beef infusion broth containing 1 per cent peptone, 
of an initial pH of 7.6, and tubed in 5 cc. amounts.  Immediately before use there 
was added 0.05 cc. of a 5 per cent aqueous solution of sodium thiosulfate, 0.25 cc. 
of a 1 per cent solution of lead acetate, and 0.15 cc. of a 0.2 per cent aqueous mala- 
chite green solution.  The addition of the lead acetate causes a bulky precipitate 
which settles rapidly.  In this medium B. paratyphi  and other members of the 
Salmonella group produce a  uniformly turbid growth.  The precipitate blackens 
during the first 24 hours and there is a distinct odor of hydrogen sulfide.  Motility 
is retained but is less active than in plain bouillon.  Other intestinal bacteria are 
generally restrained through 48 hours at 37°C.  B. proteus, however, may develop 
with the production of hydrogen sulfide.  Occasionally there is growth of uniden- 
tiffed bacteria with no change in color of the precipitate. 
The  tube of the above medium inoculated from the fecal broth culture was in- 
cubated through 48 hours at 37°C.  In the absence of growth or in the presence of 
growth with no motility and no change in color of the  precipitate the tube was 
discarded.  In the presence of growth, motility, and a black precipitate a loopful 
was streaked on the surface of a  Petri plate containing lead acetate-thiosulfate 
agar.  A  thin film of the same medium was layered over the inoculated surface. 
Under  this  semianaerobic condition  B.  par~yphi  produces  large  dark  brown 
colonies.  In the presence of such colonies transfers were made from several to 
lactose and saccharose fermentation tubes.  In the absence of acid and gas the 650  PARATYPHOID  INFECTION.  V 
cultures were  confirmed by agglutination with the  two  type  antiserums.  With 
each lot of fecal cultures a  medium control inoculated from a young broth culture 
of  B.  paratyphi  was  included.  The  above  procedure  was  followed  in  all  the 
subsequent work. 
The Incidence of Carriers among the Breeders as Determined by Cultural 
and  Serological  Examination. 
Of the 105 guinea pigs examined 69 were added to the breeding stock 
after the appearance of the second infection.  Only 4 were survivors 
of the initial outbreaks in 1924.  An agglutination test with the two 
types of B. paratyphi as antigens was made on serum from each animal. 
Eight samples failed to agglutinate either type in the lowest dilution 
TABLE  II. 
Number of Samples Showing Agglutination of One or Both Types of B. paratypki at 
Each Dilution Interval. 
~erum dilution  ........ 
rype of bacillus  ......... 
Number of samples. 
1:20  1:40  1:80  1:160  1:320  1:540  1:12 
011  7  3  5  5  122  1  1151  1  412  2  21  5  0  0  ~2 
employed.  The remaining samples agglutinated one or both of the 
antigens in  dilutions  ranging from  1:20  through  1:640.  With  66 
serums of the latter group the dilution was 1: 80 or higher.  A detailed 
classification of the  samples  as  to  limiting dilution  for  the  major 
agglutinin is given in Table II.  Only 5 of the 24 males included in 
the group examined showed an agglutinin titer higher than 1:80  as 
compared with 45 high reactors among the 81 females.  Two serums 
which agglutinated one type through a dilution of 1: 160 failed to agglu- 
tinate the other type in  1:20.  The majority of serums,  however, 
agglutinated both types generally with a difference  of one or two dilu- 
tions between them.  With 70 samples the major agglutinin (highest 
limiting dilution) was for Type II antigen as compared with 11  for 
Type I. 
B.  paratyphi  was isolated from the feces of 3 guinea pigs  of the 
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One was an old sow added to the breeding stock in the fall of 1924 shortly 
after  the  termination of the  active stage of the initial  infection.  Type  II  B. 
paratyphi  was cultivated from the feces on 2 successive days.  The blood serum 
agglut'nated Type I antigen through 1:160, Type II antigen through 1:320.  The 
animal  was kept  under observation for 3  weeks  and  then  killed.  The  uterus 
contained 3 half-term fetuses.  The surface of the spleen  was scarred and pitted. 
Other organs were normal.  Cultures from the spleen, placental tissue, and cecal 
feces were all negative. 
The other positive  cases  were younger sows added  to  the breeding stock in 
December,  1926,  and July,  1927,  respectively, before and after  the  appearance 
of the second infection.  The former was an active case.  B. paratyphi,  Type II, 
was isolated from the first fecal culture.  The next morning the animal was weak 
with labored breathing and was killed.  The blood serum agglutinated  Type I 
antigen  through  1:160, Type II through  1:640.  At autopsy a  peritonitis  was 
encountered.  A heavy exudative membrane was reflected over the surface of the 
spleen and portions of the liver.  The abdominal cavity contained a  quantity of 
turbid fluid.  Type II B. paratypki  was isolated from the spleen, liver, and cecal 
feces. 
The second of the younger animals was a  carrier.  A  Type II organism was 
cultivated  from  the  feces  on  successive  days.  The  blood  serum  agglutinated 
Type I antigen through 1:40, Type II through 1:80.  Mter 2 weeks the animal was 
killed  and  autopsied.  The  ute4-us contained  2  nearly  full-term  fetuses.  The 
spleen was  atrophic and extensively roughened and pitted.  Cultures from the 
spleen, placental tissue, cecal feces, and fetal spleens were all negative. 
The Incidence  of B.  paratypki  among  a  Group  of Selected Breeders. 
All guinea pigs from the tested group which showed consecutively 
negative fecal cultures and with an agglutinin titer of 1:80 or lower 
were segregated as a nucleus for a new breeding stock.  The carriers 
were killed, as noted.  The guinea pigs which showed high agglutinin 
content were returned, in most instances, to their original unit and 
isolated  in  special  cages.  A  few were killed  and  autopsied.  The 
selected animals were isolated in  a  separate unit in groups number- 
ing  up  to 5  sows  and  1  boar.  The  two  units  were  maintained 
independently. 
During the 5 months occupied in testing the entire group additional fecal cul- 
tures  were  taken  at  intervals  from the  segregated  individuals.  At first,  mass 
cultures  were  made  from  the  breeding  cages.  During  one  examination  which 
comprised eight cages a culture of Type I B. paratypki was obtained from the feces 
of a  single  cage.  The guinea pigs were  immediately  transferred  to individual 652  PARATYPHOID  INFECTION.  V 
pens and cultures made on 2 successive days.  The positive culture was traced to 
a  single sow from which the same type of organism was isolated.  The animal 
was removed and later killed.  At autopsy no gross lesions were encountered and 
cultures from the spleen, uterus, and cecum were all negative.  "~he  blood serum 
agglutinated Type I  antigen through 1:160, Type II through  1:20.  Fecal cul- 
tures from the other inmates of the cage were all negative. 
For the third fecal examination the guinea pigs were isolated in individual cages 
and a single culture made.  The group comprised 46 adult animals distributed in 
ten cages.  In addition there were 22  younger breeders representing the second 
generation of the selected  population.  The entire lot of fecal cultures was negative. 
The segregated group was maintained in the same  manner as the main breed- 
ing stock.  Pregnant sows were removed to individual cages shortly before par- 
turition.  Young guinea pigs were kept with their dam for 2 to 3 weeks and then 
weaned.  The sow was returned to her original breeding cage.  The young were 
separated as to sex and placed in large open pens.  A few of the weaned young 
were used for experimental work.  9 of these were carefully examined subsequent 
to infection with other bacteria.  Cultures from the entire spleen were negative 
throughout.  The  majority of  them were  allowed to  mature  for breeding pur- 
poses.  Before admission to the breeding stock they were isolated in individual 
cages and fecal cultures made. 
The selected population was kept under observation and all animals that died 
were autopsied and cultured.  Througll June, 1928, a total of 111 guinea pigs was 
examined.  The majority of them were still-born or unweaned young.  B. pars- 
typhi was isolated from the spleen on four occasions. 
The first culture was obtained in February from  a  female stock guinea pig. 
At autopsy a large amount of turbid fluid was found in the pleural and peritoneal 
cavities.  The spleen was enlarged and coated with a  heavy, tenacious exudate 
which was likewise reflected over portions of the liver.  The cervical and peri- 
toneal lymph  nodes were  enlarged  and  congested.  Type I  B. paratyphi  was 
isolated from the spleen, gall bladder, pleural fluid, and cecum. 
The second culture was isolated from an  unweaned  male  guinea pig whose 
dam had died on the previous day.  At autopsy the lymphoid tissue of the cecum 
was congested and a culture of Type IIB. paratypbi was secured from the spleen. 
The  dam  showed  no  evidence  of  infection.  The  spleen  failed  to  show B. 
paratyphi. 
The third and the fourth cultures were isolated in June, in both cases from sows. 
At autopsy, the first animal showed an  enlarged and  congested  spleen.  Both 
spleen and liver were coated with a tenacious exudate.  The gall bladder contained 
purulent fluid.  There was an inflammation of the small intestine.  The abdom- 
inal cavity contained a mucoid fluid.  Type IIB. paratyphi was isolated from the 
spleen.  The second sow was carrying 4 nearly full-term fetuses.  No gross mani- 
festations of infection were  encountered.  Type I  B. paratyphi  was  cultivated 
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Tke Incidence  of B.  paratyphi  among  Unweaned  Young of the Main 
Population. 
A  less extensive study was made of the incidence of carriers among 
the unweaned young of the main population. 
Monthly examination  of 6 guinea pigs from as many litters,  chosen at random, 
was carried out during the period between September,  1927, and February, 1928. 
The animals varied in age from 2 to 3 weeks.  They were brought to the labora- 
tory, bled from the heart under ether,  and killed.  Postmortem examination  was 
made and cultures taken from the spleen, gall bladder, small intestine  at a Peyer's 
patch, and cecal feces. 
During October,  2 fecal  carriers  and  1 active  case  of paratyphoid were en- 
countered.  All 3 were females, 3 weeks old.  Type IIB. paratyphi was isolated 
from the cecum of the 2 carriers.  The abdominal organs showed no gross changes. 
Cultures  from the spleen, gall bladder,  and small intestine  were negative in each 
instance.  The active case showed typical gross changes in the abdominal viscera. 
The spleen  was enlarged,  congested,  and showed a  single nodular focus.  The 
liver  showed a few small loci.  There were numerous  exudative  plaques  on the 
surface  of the cecum  with foci in  the lymphoid  tissue  at  the head.  Type II 
B. paratypki was obtained from the spleen, small intestine,  and cecal feces.  Dur- 
ing the same month 3 active cases occurred among the young of a second sow from 
the same breeding cage.  In February and March fatal cases were noted among 
the young of 2 sows originally caged with the dam of the first carrier,  mentioned 
above.  All of the unweaned guinea pigs examined during the remaining months 
were normal with negative cultures  throughout. 
Agglutination tests were made on blood samples from all the unweaned guinea 
pigs.  The procedure  previously outlined  was followed except  that the dilution 
ranged from 1:10 through 1:640.  The results expressed in terms of the limiting 
dilution  showing aggiutination  are given in Table III.  Seven samples failed to 
aggiutinate either type of antigen  in the lowest dilution.  Four samples agglu- 
tinated both types through the same limiting  dilutions.  The remainder  agglu- 
tinated both types of antigen but the limits  of reaction varied by one or more 
dilutions.  With eighteen samples of this number the major reaction  was against 
Type II, while with seven the major reaction  was against Type I.  Classified  ac- 
cording to sex it may be noted that serums from 2 of the 12 males and 5 of the 24 
females  were negative.  Serum from the first  of the fecal carriers  agglutinated 
Type I  through 1:20, Type II through 1:80; that from the second agglutinated 
Type I through 1:20, Type II through 1:40.  There was no agglutination  against 
either type with serum from the active case. 
Agglutination  tests were also made on serum  from the dams of 3 unweaned 
guinea pigs and from the remaining  young of their litters.  The findings, which 
suggest maternal transmission  of antibodies  to the  suckling young, are given in 654  PARATYPHOID  INFECTION.  V 
TABLE  III. 
Limiting Agglutination  ~ith Serum from Unweaned Guinea Pigs. 
Month  [ TypebacillusOf  Limiting dilution  of serums 
Guinea pig No  ........ 
January 
September  I 
II 
October  I 
H 
November  I 
II 
December  I 
II 
I 
II 
I 
II 
February" 
1 
40 
80 
20 
20 
20 
80 
80 
20 
m 
20 
80 
2 
2O 
4O 
20 
80 
40 
20 
4O 
80 
2O 
3  4 
40  80 
40  40 
20  20 
40  80 
20  40 
80  10 
80  10 
4O  2O 
10 
20 
--  10 
--  10 
$ 
20 
80 
20 
80 
m 
10 
20 
80 
20 
10 
20 
20 
160 
10 
I0 
20 
20 
20 
TABLE  IV. 
Agglutinin Tiler of Serum from Sows and Their Unweaned Young. 
Limiting dilution 
Class of guinea pig 
Istyoung  ............................................ 
SOW  ................................................. 
2nd  young  ........................................... 
3rd  "  ........................................... 
Ist  ,c 
SOW  ................................................. 
2nd  young  ........................................... 
3rd  " 
1st  " 
SOW ................................................. 
2nd young ........................................... 
3rd  " 
TypeI  "I~'pe  I£ 
10  lO 
80  20 
20  10 
20  10 
80  20 
160  20 
40  10 
40  10 
20  80 
40  320 
20  80 
20  80 3OHN B.  NV.LSOt¢  655 
Table IV.  It may be said that all the animals were later  killed with negative 
pathological and bacteriological findings  throughout.  There was an interval of 
4 days between the examination of the first young and the other guinea  pigs of 
the group. 
DISCUSSION. 
The examination of breeders described in the foregoing pages was 
begun in October,  1927.  13 months earlier the second type of Sal- 
monella  infection  had  appeared  spontaneously  in  the population. 
There had been a  slow but general spread of the second bacterium 
throughout the breeding group.  Specific deaths occurred among the 
sows or the unweaned young of sows from 32 of the 48 cages.  The 
Type I  infection had long since become endemic, with the mortality 
rate in general on a low level. 
The serological findings appear to reflect the distribution of the two 
Salmonella types.  92 per cent of the 105 serums tested showed well 
defined agglutination against one or both types of B.  paratyphi  in 
dilutions ranging from 1:20 through 1:540.  With 86 per cent of the 
reactors the higher agglutination was against the second, more recent 
type of organism.  With  13 per cent the higher  agglutination  was 
against the initial form.  In each case the majority of serums agglu- 
tinated both types although one in lower dilution.  The physical form 
of the sediment was not sufficiently defined to permit a  distinction 
between common agglutinins for the one type and specific agglutinins 
for the other. 
It was assumed that the high agglutinin content of individual serums 
was referable to a multiplication of one or both strains in the system of 
the guinea pig.  Postmortem cultures from a small series of high re- 
acting guinea pigs failed, however, to demonstrate the specific organism 
in the spleen, liver, or section of the small intestine.  These observa- 
tions suggest that a high agglutinin titer may be maintained in  the 
absence of a persistent localization of B. paratyphi in the more usual 
sites.  The bacteriological examination, however, was not exhaustive. 
The entire spleen was cultured but examination of the liver and small 
intestine was necessarily limited.  Moreover, the possible localization 
of the specific bacterium in regional lymph nodes is not ruled out. 
Temporary colonization of B. paratyphi in one or another of these sites 
might well impart the stimulus leading to antibody formation. 656  PARATYPHOID  INFECTION.  V 
The serological findings with the unweaned guinea pigs  roughly 
parallel those with the breeders.  The total number of reactors while 
high was less than with the mature animals, 80 per cent as compared 
with  92  per  cent.  The young guinea  pigs  also  showed a  greater 
number of  high reactors  against  the  second  type  of  13.  paratyphi 
than against the first.  The difference was not as marked, however, 
as with the older animals.  The agglutinin titer in general was on a 
lower level than that of the breeders.  The highest limiting dilution 
recorded  was 1:160, with the majority of serums well below that figure. 
A number of serums from the breeders agglutinated through 1:640 
with  a  fair proportion  showing reaction between  1:80  and  1:320. 
There was a suggestion that the agglutinin content of the young was 
referable, in part, to placental transmission or to lactation.  Sublethal 
infection at birth with immunization was not excluded as a possible 
cause of the presence of agglutinins in the group at large. 
By way of comparison it may be of interest to note the serological 
findings reported by Amoss (4)  on the survivors from an artificially 
induced paratyphoid epidemic in mice.  A  population of 300  mice 
comprising susceptible individuals in contact with a  previously in- 
fected group was set up.  During the epidemic wave which followed, 
69 per cent of the population died.  He tested the serum from 56 of 
the  survivors  for  agglutinin  against  the  causal  organism,  Mouse 
Typhoid II.  The serum from 37 or 66 per cent partially agglutinated 
the organism in dilutions ranging from 1:20 to  1:160.  The serum 
from 27 showed no agglutination in  1:20. 
The cultural tests in the present work indicated a low incidence of 
fecal carriage among the breeders.  B. paratyphi was isolated from the 
feces of only 3 sows, 1 of them an active case.  A group of 50 guinea 
pigs selected from the total number examined was again cultured on 
three occasions with the detection of a single additional carrier.  While 
the results cannot be regarded as strictly quantitative it is believed 
that the figure cited is a fair index of the extent of specific fecal excre- 
tion in the breeding group as a whole.  Some of the animals examined 
were selected from cages in  which fatal  cases of paratyphoid had 
previously occurred.  Conditions were favorable for the ingestion of 
the specific bacteria with food soiled by fecal excretions.  In the face 
of such conditions the small number of fecal carriers actually detected jom,~ B.  NELSON  657 
seems to bear out the suggestion made in a previous paper that specific 
fecal excretion with  adult  guinea pigs  is  of relatively short dura- 
tion (5). 
Examination of the unweaned young showed that fecal carriage of 
B. paratyphi may occur with nursing guinea pigs in the  absence of 
generalized infection.  B. paratyphi  was isolated from the feces of 2 
guinea pigs which showed no manifestations of disease.  The group 
tested was too small to indicate the  actual  extent of such carriage. 
The young guinea pigs  after weaning are transferred to the general 
stock for laboratory use.  The presence of fecal carriers among them 
may account for the subsequent occurrence of sporadic cases or  car- 
riers.  It is known that B. paratyphi  may localize in the spleen or 
liver with no indication of multiplication or injury.  It is possible 
that the introduction of other  bacteria into  such guinea pigs  may 
be followed by multiplication of the paratyphoid types with active 
disease. 
Both types of B. paratyphl appeared among the guinea pigs of the 
segregated group.  The selected population which included breeders 
and later unweaned young and stock was maintained in a  separate 
unit.  There was no communication with the main supply of guinea 
pigs.  Chance contact with field animals was practically impossible. 
Introduction of the specific bacteria with the food was not entirely 
ruled out.  It seemed more probable, however, that the initial selection 
was not sufficiently  rigid and that a number of spleen or fecal carriers 
were admitted to the new breeding stock.  To date (June, 1928) there 
has  been  no  evidence of  extensive dissemination  of  the  bacteria 
throughout the population. 
SUMMARY. 
A group of 105 breeders and 36 unweaned guinea pigs was tested to 
determine the extent of specific fecal excretion and the proportion of 
serum reactors in a population naturally infected with two types of B. 
paratyphl.  The second, more recent type of organism was isolated 
from the feces of 3 breeders and 3 young.  No carriers of the first type 
w.ere detected.  86 per cent of the breeders and 72 per cent of the 
unweaned guinea pigs agglutinated the second type of B.paratypkl 658  PARATYPHOID INFECTION.  V 
in dilutions ranging from 1:10  through  1:640.  13 per  cent of the 
breeders and  28  per  cent of the unweaned young agglutinated the 
initial type.  There was a  cross or double agglutination in most in- 
stances.  The serological findings roughly reflected the distribution of 
the two types as indicated by the mortality rate of the population at 
large. 
50 breeders selected on the basis of agglutination and fecal examina- 
tion and therefore supposedly free from infection were segregated and 
kept  under  close  observation.  Both  types  of  B.  paratyphi subse- 
quently appeared in the group. 
During this time carriers were discovered by others in the Depart- 
ment among the stock guinea pigs used for other experiments in that 
cultures of the entire spleen were positive in perhaps 5 to 10 per cent 
of the guinea pigs so used. 
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